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SPEClinCATION 
Metal Golf Club Head 

5 Technical Field 

The present invention relates to a metal golf club head, and more 
specifically, to a configuration of a face portion that improves the initial 
speed of the hit ball. 

ID B ackgr oun d An 

The present inventors have found from the invention described in 
Japanese Patent Laying-Open No. 2-167181 that the initial speed of the hit 
hall increases when a golf dub head (hereinafter referred to as a head) is 
designed to have a natural frequency close to that of the ball. Here, the 

15 natural frequency of The head is meant to refer to the natural frequency of 
the face portion at the time it undergoes the impact of a hit. There are 
various methods of making the head natural frequency smaller than is 
conventional to design it to be close to the ball natural frequency. The 
most effective method is to lower. the rigidity of the face portion. Generally, 

20 as a method of lowering the rigidity of the face portion, producing a thinner 
face thickness or using a low elasticity modulus material may be considered- 

On the other hand, as a model of an iron golf club, the model having 
a face member made of titanium alloy fit into the bead body is recently 
becoming popular. The main aim of this model is to achieve an enlarged 

25 sweet spot area by utilizing titanium having a light specific gravity for the 
face portion so that the head periphery portion becomes heavier in weight. 
Conversely, some models employ 3 material having a large specific gravity 
such as tungsten for the sole portion in order to lower the center of gravity 
of the head. 

30 Moreover, still another model of a metal iron golf club formed by a 

head body and a face member made of different materials has an opening 
that penetrates from the face to the opposite side of the face and has the 
face member fit into the op ening. Thus, the face member is exposed inside 

- 1 - 
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the cavity. Titanium alloy is mainly employed as the material for the face 
member. The effect achieved by this model is similar to that achieved by 
the model in which a plate material made of titanium alloy is fit in as the 
face member as described earlier. The main objective here, again, is the 
5 further enlargement of the sweet spot area achieved by exposing the plate 
material of titanium alloy inside the cavity. Thus, the plate material fit 
into the opening is generally smooth except for the scoring lines. The plate 
material itself in the portion exposed inside the cavity does not show much 
unevenness besides the logo impression and The like designating the name 

10 of the club and the material used. 

Since the properties of titanium alloy involves a light specific gravity 
as well as a low elasticity modulus, titanium alloy shows promise in that it 
is a material that can lower the rigidity of the face portion, which is a 
requirement for lowering the head natural frequency. The head utilizing 

15 titanium alloy for the face member, however, generally has a cavity 
structure so that the face thickness of the surface for hitting the ball, 
though thinner than that of a plain-back type iron golf club, is considerably 
thick in comparison with the face surface of a wood head. In addition, 
because the iron golf dub and the wood golf club have different structures, 

20 their natural frequencies in the range of approximately 1800 Hz to 

approximately 2000 Hz are largely different from the natural frequencies of 
the balls in the range of about 800 Hz to about 1000 Hz that vary 
depending on the type of the ball. 

On the other hand, by making the face thickness evenly thin, the 

25 strength of the face portion is reduced, leading to the problem of 

destruction by a hit ball. Thus, as described in Japanese Patent Laying- 
Open No. 9-192273, there is an invention of a structure in which the face 
thickness around the sweet spot area has a sufficient strength against the 
impact due to collision between the ball and the face portion while the face 

30 thickness in the region other than the sweet spot area is made thin. 

In the head described in Japanese Patent Laying-Open No. 
9-192273, however, if the strength of the sweet spot portion on the face is 
ensured while the portion surrounding the sweet spot portion is made thin, 
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the spring performance of the face portion may certainly improve, although 
at the same time, the impact of the ball hitting- the sweet spot would be 
supported by the surrounding portion. Since the structure is not designed 
to support such an impact, the sweet spot portion of the face portion may 
5 possibly disadvantageouely cave in in the case of an average male golf 
player hitting the ball with the head speed of about 40 m/s. 

Therefore, the main object of the present invention is to clarify the 
relation between the rigidity and the natural frequency of the face portion 
and to provide a metal golf club head having the smallest passible head 
10 natural frequency while ensuring the strength of the face portion. 

Disclosure of the Invention 

The present invention is a golf dub head formed of a metal material 
and having a medium sensitivity region and a low sensitivity region 

15 provided on the face portion for hitting a ball, where the face thickness of a 
part or all of the medium sensitivity region is made thinner than the face 
thickness in the vicinity of the face center that exist within the low 
sensitivity region. 

According to another aspect, the present invention is a metal golf 

20 club head formed by a head body and a face member formed of different, 
materials and having an opening that penetrates from the face to the 
opposite side of the face with the face member fit into the opening, where a 
medium sensitivity region and a low sensitivity region are provided on the 
face portion for hitting the ball, with the face thickness of a part ox all of 

25 the medium sensitivity region made thinner than Che face thickness of the 
vicinity of the face center that exists within the low sensitivity region. 

According to a still another aspect of the present invention, the face 
thickness of the face portion is varied so that the face thickness of a portion 
which id within the medium sensitivity region and on the sole side from the 

30 low sensitivity region and which is a part or all of the medium sensitivity 
region excluding the region extending on either side of the face centerline 
that is within the range of a predefined length of the entire length of the 
face portion in the toe-heel direction is thinner than the face thickness in 
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the vicinity of the face center existing within the low sensitivity region. 

According to a further aspect of the present invention, a region 
within the medium sensitivity region and having its face thickness made 
thin is defined as the low rigidity region, and the area of the low rigidity 
5 region is selected to be 5% to 50% of the face area. 

According to a still further aspect of the present invention, the region 
other than the low rigidity region in the face member is defined as the high 
rigidity region, and the face thickness of the low rigidity region is formed at 
least 0.2 mm thinner than the thickest face thickness of the high rigidity 
10 region. 

According to a still farther aspect of the present invention, the face 

thickness of the low rigidity region is formed at least 0.5 mm thinner than 

the thickest face thickness of the high rigidity region- 
Further, the face thickness of the low rigidity region is selected to be 
15 0.5 to 2 .7 mm. In addition, according to a still further aspect of the 

present invention, a material having a tensile strength of 100 kgffmm 2 or 

greater and having a Young's modulus of elasticity of 10000 kfg/mm* or 

lower is used for the face member. 

According to a still further aspect of the present invention, a recessed 
20 portion is formed on the face portion from the face of the head toward the 

opposite side of the face, and the face member is fit into the recessed 

portion. 

According to a still further aspect, the present invention is a metal 
golf dub head having a hollow portion and formed such that the rigidity of 

25 a portion on the heel side of the face portion is made lower than that on the 
toe side. The head is formed such that the rigidity of the portion excluding 
the vicinity of the face center is lowered, where the region with the lowered 
rigidity is defined as the low rigidity region, and the area of the low rigidity 
region is selected to be in the range of 5% to 50% of the face area. 

30 Moreover, the low rigidity region is formed above the face center or 

in the lower half region on the heel side. 

According to a still further aspect of the present invention, when the 
region other than the low rigidity region of the face portion is defined as the 
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high rigidity region, the face thickness of the low rigidity region, is selected 
to be thinner than the face thickness of the high rigidity region. Moreover, 
the face thickness of the low rigidity region is formed at least 0.2 nun 
thinner than the face thickness of the high rigidity region, and more 
5 preferably, a material having a lower elasticity modulus than that of the 
material used in the high rigidity region is used for the face portion in the 
low rigidity region. 

Brief Description of the Drawings 
10 Pig. 1 is a diagram showing a face portion of a metal iron golf club 

head according to an embodiment of the present invention. 

Pig. 2 is a diagram showing the results of sensitivity obtained from 
the sensitivity analysis in relation to the face portion of a metal iron golf 
club head, 

15 Fig, 3 is a diagram showing a more specific embodiment in relation 

to the face portion of a metal iron golf club head. 

Pig. 4 is a graph representing the measurement results in relation to 
the repulsion in the embodiment of Pig. 3. 

Fig. 5 is a diagram showing a metal golf club head having a hollow 
20 portion according to . another embodiment of the present invention— 

Pig. 6 is a diagram showing the results of sensitivity obtained from 
the sensitivity analysis in relation to the face portion of a metal golf club 
head having a hollow portion. 

Pig. 7 is a graph representing the measurement results in relation to 
25 the repulsion in another embodiment of the present invention. 

Best Modes for Carrying Out the Invention 

At first, the present inventors performed a sensitivity analysis 
(sensitivity method) to examine which part of the face portion should have 
30 its rigidity lowered in order effectively to lower the natural frequency of an 
iron golf head. The description with regard to the sensitivity analysis will 
be given below. 

At first, on the face surface, a hypothetical lattice-like model is 
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provided with the face center as the starting point and at a spacing of 5 mm 
in the vertical direction (top-sole direction) and at a spacing of 10 mm in 
the horizontal direction (toe-heel direction). With an impulse hammer, 
vibration is caused in an actual iron club, and the transfer function 
5 expressing the response is obtained. Curve fitting ^ performed with the 
transfer function on a computer to obtain a modal parameter so that the 
nature of the effect of a certain vibration on the structure can be 
determined. 

Nobuyukt Ohkubo describes in Marine Analysis (printed 
10 May 1, 1982) published by Cbuo University publishing division, that 

'the sensitivity method involves inputting only the modal parameter 
of the target machine to output "the sensitive parts" of the structure 
in relation to the vibration mode or the natural frequency to be 
altered. Thus, the alteration in a high sensitivity portion would 
15 allow a greater change in the dynamic characteristic with a smaller 

amount of alteration/ 
As described above, the sensitivity analysis is a method of analyzing which 
part of a structure may be effectively changed in rigidity so as to effect a 
change in the natural frequency of the structure. Therefore, the value 
20 obtained by this analysis is in terms of sensitivity, and a greater sensitivity 
value indicates a greater effect of the natural frequency on the change in 
the rigidity of the structure (i.e. the face surface of the iron according to an 
embodiment of the present invention). 

Fig. 2 shows the results of the sensitivity analysis of a metal iron golf 
25 club head color-coded according to the magnitude of the values. Here, 
sensitivity is the amount of change in the natural frequency calculated 
when adding a unit elasticity modulus (1 N/ra) between each nodal point. 
For the sake of convenience, the values lower than 15 Hz (N/ra) are defined 
to be of low sensitivity, and the values not smaller than 15 Hz (N/m) is 
30 defined to be of medium sensitivity. The parts having indicated values not 
smaller than 25 Hz (N/m) in the region of the medium sensitivity is defined 
as a high sensitivity region. 

As can be seen from Fig. 2, the region of large sensitivity values is 
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distributed in the portions other than the region that extends from a center 
top edge 25 of a face portion 2 down to a face center 8. Therefore, it was 
discovered that, in the ease of a metal iron golf dub head, lowering the 
rigidity in the portion other than a region 4 that extends from central top 
5 edge 2 5 down to face center 8 effectively lowers the natural frequency of a 
metal iron golf club head I so that it becomes possible to bring it doeer to 
the ball natural frequency. Thus, the region that extends from center top 
edge 25 of the above-described face portion 2 down to face center 8 is 
defined as a low sensitivity region, and the region other than low 

10 sensitivity region 4 is defined as a medium sensitivity region 5. 

Center top edge 25 is defined as the top edge on a face centerline 15 
on the face surface. 

In addition, it was discovered that a region having particularly large 
sensitivity values exists in medium sensitivity region 5, Consequently, it 

15 was found that, by lowering the rigidity in such region having particularly 
large sensitivity values, the natural frequency of metal iron golf dub head 
1 can be lowered effectively so that it becomes even closer to the natural 
frequency of the ball. The region having such particularly large 
sensitivity values is defined as a high sensitivity region 6. As shown in 

20 Fig, 2, the region on the toe side within the range of medium sensitivity 
region 4 is defined as a high sensitivity region 6a, and the region on the 
heel side and also within the range of medium sensitivity region 4 is 
defined as a low sensitivity region 6b. 

In other words, the aim of the present inventors, that is, the region 

25 which can influence the head natural frequency, was discovered to be 
different from the region around the sweet spot area as described in 
Japanese Patent paying-Open No. 9-192273, so that caving-in of the sweet 
area by the impact of the ball can be avoided. 

Thus, -with regard to metal iron golf dub head I, it is possible to 

30 lower its natural frequency if the rigidity of medium sensitivity region 5 
shown in Fig. 2 can be lowered. 

In short, an embodiment of the present invention allows the head 
natural frequency to be lowered by optimizing the portion in which the 
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rigidity is lowered while preventing the lowering of the strength in the face 
portion as much as possible by keeping smaller the area of the portion in 
which the rigidity is to be lowered. 

To solve the above-described problem, based on the results given in 
5 Fig. 2 discovered from the sensitivity analysis of the metal golf club head, 
an embodiment of the present invention has the rigidity lowered in medium 
sensitivity region 5 and high sensitivity region 6 which are portions having 
large sensitivity values so as to lower the head natural frequency 
effectively and thus to improve the repulsion of the head while preventing 

ID the reduction in the strength of the face portion as much as possible. 

An embodiment of the present invention is shown in Fig, 1, As 
shown in Fig. 1, according to an embodiment of the present invention, in a 
metal iron golf head 1 formed by a head body 10 and a face member 9 
formed of different materials and having an opening that penetrates from 

15 the face to the opposite side of the face with face member 9 fit into the 
opening, the invention can be implemented in the form of making the 
rigidity of a part or all of a medium sensitivity region 6 lower than the 
rigidity in the above-described low sensitivity region 4, and specifically, the 
invention can be implemented by reducing the face thickness of a part or all 

20 of medium sensitivity region 5 to be smaller than the face thickness in the 
vicinity of the face center that exists in low sensitivity region 4, 

In other words, the natural frequency of the head is effectively 
lowered without making thinner the face thickness in the vicinity of face 
center 8 that requires the greatest strength. Moreover, in this 

25 embodiment, as shown in Fig. 1, low sensitivity region 4 refers to the region 
enclosed by vertical lines shifted from a face ceatexline 15 toward the toe 
side and toward the heel side respectively by approximately 20% of the 
length of the scoring line from the end point on the heel side up to the toe, 
and by a horizontal line shifted from a center top edge 25a toward face 

30 center 8 by approximately 60% of the length from the top of face centerline 
15 dawn to the sole, while medium sensitivity region 5 refers to the region 
other than the low sensitivity region 4 of face member 9. 

Center top edge 25a is denned as the top edge on face centerline 15 
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of face member 9. 

In order to produce the effect of this embodiment, there is no 
particular limit to the area of the region (hereinafter referred to as a low 
rigidity region) which is within the range of medium sensitivity region 5 
5 and in which the face thickness is mads thinner as described above. In 
order to produce a distinct effect of this embodiment, however, it is 
desirable that the low rigidity region has an area not smaller than 5% of 
the face area. 

On the other hand, if the low rigidity region is too large, the portion 
JO lacking the strength becomes too large, thereby reducing the strength of the 
face as a whole. Therefore, the area of the low rigidity region is desirably 
not larger than 70% of the face area, and particularly, for iron golf club 
heads for men requiring a certain degree of strength in the face portion, it 
is desired that the area of the low rigidity region is not larger than 50% of 
15 the face area. 

Moreover, examination of the results of the experiment revealed that 
high sensitivity region 6 which is a region having particularly large 
sensitivity values did not exist in the vicinity of face centerline 15 but was 
distributed on the toe side and on the heel side. Thus, the invention can 
20 be implemented .without making the face thickness. of a regiou-7, which is 
defined as the region extending on either side of face centerline 15 in the 
range of the length which is 5% of the entire length of face portion 2 in the 
toe-heel direction, as thin as the face thickness of the remaining medium 
sensitivity region 5. 

25 In addition, this implementation is advantageous in that the head 

natural frequency can be somewhat reduced while the head strength can be 
improved, although the head natural frequency cannot be reduced as much 
as the implementation in which the face thickness of the entire region of 
medium sensitivity region 5 is made thin. 

30 Further, from the results shown in Fig. 2, the implementation in 

which the rigidity in high sensitivity regions 6a and 6b was lowered was 
found to be effective. In this embodiment, high sensitivity region 6a is 
defined as a region within medium sensitivity region 5 as shown in Fig. 1 
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and located on the toe aide from face centerline 15 but excluding regions 7. 
High sensitivity region 6b refers to the portion within medium sensitivity 
region 5 as shown in Fig. 1 and located on the heel side and on the sole side 
from x-axis but excluding region 7. 
5 Thus, in order to lower the natural frequency of the head while 

limiting the lowering of the strength efface portion 2 as much as possible, 
the implementation in which the rigidity of high sensitivity region 6 alone 
is lowered is desirable. Examples of such implementation include the 
implementation in which the rigidity of at least one of high sensitivity 

10 region 6a and high sensitivity region 6b is lowered, and the implementation 
in which the rigidity in both high sensitivity regions 6a and 6b is lowered. 

In addition, the invention can be implemented by making the rigidity 
of high sensitivity region 6 much lower than the rigidity of medium 
sensitivity region 5. More specifically , it is possible to create the face 

15 thickness of high sensitivity region 6 thinner than the face thickness of 
other medium sensitivity region 5, or to employ a low rigidity material in 
high sensitivity region 6. 

There is no particular limit to the implementation in which the 
rigidities of the medium sensitivity region and the high sensitivity region 

20 within the face portion of a metal iron golf club head are lowered, and the 
present invention can be implemented by making the face thickness in the 
medium sensitivity region or the like thinner than the face thickness of the 
low sensitivity region, or by utilizing for the medium sensitivity region and 
the like a material of a lower elasticity modulus than the material used in 

25 the low sensitivity region. 

Here, normally the natural frequency of an iron head formed by a 
single material ia around 2000 Hz. In the iron head having a plate 
material of titanium alloy inserted in the face portion, a type of an iron 
head becoming popular in recent years, the natural frequency is about 1800 

30 Hz, In either case, the head natural frequency is quite different from the 
natural frequency of a ball in the range of 800 to 1000 Hz. In order to 
abridge the gap of approximately 100 Hz between these natural frequencies, 
a desirable method should allow the natural frequency to be lowered in 

- 10- 
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relation to both the face thickness and the material. 

Therefore, in this embodiment, the head body and the face member 
are made of different materials, and a material having a low elasticity 
modulus is used as the material for the face member to lower the rigidity of 
5 the entire face portion, thereby taking advantage of the effect of the 

embodiment -more fully. When different materials are used for the head 
body and the face member to form the iron golf club head, stainless steel is 
generally used for the head body while titanium alloy is most suitably used 
for the face member. 

10 Further, when the invention is implemented for the head having an 

opening that penetrates fcom the face to the opposite side of the face, the 
rigidity of the entire face portion can be further lowered so that the head 
natural frequency can be brought even closer to the bait natural frequency. 
It is also effective to increase the area of exposure inside the cavity of the 

15 face member in order to lower the rigidity of the face portion. 

Moreover, according to the results from the sensitivity analysis, that 
is, due to the fact that high sensitivity regions 6a and 6b have large 
sensitivity values, the regions on the backside of face member 9 and 
corresponding to high sensitivity regions 6a and 6b are preferably exposed- 

20 inside the cavity, allowing the rigidity to be further lowered. 

In this case, there is no limitation as to the material to be used for 
the face member, and the invention may be implemented using various 
materials, such as stainless steel, titanium alloy, aluminum alloy, and 
magnesium alloy. Prom the aspects of strength and lowness of elasticity 

25 modulus, either a-type or p-type titanium alloy is suitable for face member 
9, and especially 0-type titanium alloy having high strength and a low 
elasticity modulus is desirable. More specifically, p-type titanium alloy 
having a tensile strength of XOO kgf/ram 2 or greater and having a Young's 
modulus of elasticity of 10000 Jcfg/mm 2 or lower is preferred. 

30 In short, in order fully to bring out the effect of this embodiment, it is 

desirable to implement the invention for a metal iron golf club head formed 
by a head body and a face member, and having an opening that penetrates 
from the face to the opposite side of the face, with face member 9 fit into the 
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opening. 

Here, in order to lower the rigidity of the portion which relates to the 
lowering of the natural frequency of the head in the moat effective manner 
as discovered hy the sensitivity analysis as described above, the method of 
5 making the face thickness of that portion thinner is suggested. 

In the implementation in which the face thickness of the medium 
sensitivity region is made thinner than the face thickness of the low 
sensitivity region, the face thickness of the low rigidity region within the 
medium sensitivity region having its face thickness made thinner and the 

10 face thickness of a high rigidity region within the low sensitivity region 

should be determined by the material used for the face portion and by the 
head speed of the target golf player, and thus, are not limited to any 
particular values. In other words, since the object of this embodiment lies 
in bringing; the natural frequency of the head close to that of the bail, the 

15 degree of face thickness in the low rigidity region and the high rigidity 

region is to be determined in relation to such factors as the face material, 
the face shape, and the area of the face. 

Next, as a more specific embodiment of the present invention, there 
is no particular limit to the face thickness of the high rigidity region, and 

20 the value of the face thickness is determined by the material used. More 
specifically, as with a normal golf club, with titanium alloy or stainless 
steel the face thickness can be implemented in the range of 2.0 to 5.0 mm 
while with aluminum alloy or magnesium alloy the face thickness may be 
implemented in the range of 2.5 to 8.0 mm. When considering only the 

25 effect of lowering the head natural frequency, it can be said that a thin face 
thickness is desirable also in the high rigidity region. The high rigidity 
region, however, is a part requiring the strength to endure the impact of 
the hit ball. Therefore, when using titanium alloy having a high strength 
for the material to form the face member, face thickness of about 2.5 mm to 

30 about 3.0 mm would be suitable for the high rigidity region. Moreover, 
when using aluminum alloy for the face member, face thickness of about 
3.0 mm to about 4.0 mm would be appropriate. 

If the face thickness of the low rigidity region is too thick, the effect 
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of lowering the head natural frequency cannot be achieved. Thus, in the 
case of a male player whose normal head speed is about 40 mis, the face 
thickness of the low rigidity region is preferably not greater than 2.7 mm. 
On the other hand, a face thickness that is too thin can create 
5 disadvantages such as increased difficulty during the polishing process and 
poor production yield. Consequently, the face thickness of the low rigidity 
region should be not smaller than 0.7 mm. 

When titanium alloy is used as the material for the face member, the 
face thickness of the low rigidity region must be within the range of 0.7 to 

10 2.7 mm for the same reason. 

Moreover, in this embodiment, the natural frequency of the head can 
be brought closer to that of the ball by making the face thickness of the low 
rigidity region thinner than the face thickness of the high rigidity region so 
as to limit the reduction of the head strength as much as possible while 

15 lowering the natural frequency of the head. Accordingly, it can be said 
that a thinner face thickness in the low rigidity region is more desirable. 

If, however, the difference in face thickness between these regions is 
too small, a distinct effect of this embodiment cannot be achieved. Thus, 
the difference in face thickness between the low rigidity region and the 

20 high rigidity region should be not smaller than 0.2 mm, and further, a 

desirable difference in face thickness is not smaller than 0.5 mm to ensure 
a distinct effect of this embodiment. 

Thus, according to one embodiment of the present invention, the face 
thickness of the high rigidity region can be implemented to be in the range 

25 of 2.0 to 5.0 mm when using titanium alloy or stainless steel for the face 
member, or in the range of 2.5 to 8.0 mm when using aluminum alloy or 
magnesium alloy, while the face thickness of the low rigidity region is 
implemented in the range of 0.7 to 2.7 mm. with the difference between the 
face thickness of the high rigidity region and the face thickness of the low 

30 rigidity region not smaller than 0.2 mm. Further, the desirable difference 
in face thickness is not smaller than 0.5 mm. 

Furthermore, in the case of golf clubs intended for golf players with 
slow head speeds such as those intended for women, while it is possible to 
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reduce the strength of the high rigidity region and the low rigidity region 
further than usual, at the same owe, dubs having a lighter weight than 
normal golf dubs must be produced. Thus, the face thickness of the high 
rigidity region can be implemented in the range of 1.5 to 4.0 mm when 
5 using titanium alloy or stainless ateel for the face member, or in the range 
of 1.5 to 5.0 mm when using aluminum alloy or magnesium alloy, and the 
face thickness of the low rigidity region can be implemented in the range of 
0.5 to 2.5 mm, with the difference in face thickness between low rigidity 
region and the high rigidity region not smaller than 0.2 mm. 

10 Therefore, when the golf dubs for women are also taken into 

consideration, the face thickness of low rigidity region can be implemented 
in the range of 0.5 to 2.7 mm. 

In addition, this embodiment can be implemented for all types of 
metal iron golf dub heads, regardless of the head shape, the loft angle, the 

1 5 head weight, or the dub type. Thus, it can be implemented with a No. 1 
iron down to a No. 9 iron as well as with a PW, an SW, an AW, an FW and 
the like. 

Now, a metal iron golf dub head according to an embodiment of the 
present invention will be described using Fig. 3. Fig. 3 is a diagram 

20 showing the face portion and the face member of a metal iron golf dub head, 
with the enlarged view of the face member representing particularly the 
face member seen from the front, while the difference efface thickness is 
expressed by the tone. That is, in the diagram, the colored portion 
represents low rigidity region (x 1) where the face thickness is thin, and the 

25 non-colored portion represents high rigidity region (12). 

In addition, a face center 8 denotes the intermediate point between 
the top and the bottom efface member 9 along the extended line of a face 
centerline 15. 

Moreover, needless to say, since face center 8 is represented by a 
30 value which greatly influences the shape and the material of the dub head, 
different values must be considered corresponding to the different types of 
dub heads. 

The embodiment shown in Fig. 3 is an embodiment of a No. 5 iron. 
-14- 
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Stainless steel was used as the material for bead body ZO, and p-type 
titanium alloy, among titanium alloys, which has a high strength and a low 
elasticity modulus, was used for face member 9. The face shape was as 
shown in Fig. 3, with the face area being 38.7 cm 2 , the head length being 88 
5 mm, and the head weight being 26 1 g. Jn addition, face member 9 was 
constructed such that it was exposed inside the cavity, with the area of the 
cavity portion being 32 cm". 

The average value of the face thickness of high rigidity region 12 was 
set to the same value as that of a conventional product, 1 e. 3.0 mm. 

10 Three different values were used for the face thickness of low rigidity 
region 11, which were 2-5 mm, 2.0 mm, and 1.0 mm. Embodiment I 
utilized the face thickness of 2.5 mm for low rigidity region 1 1, embodiment 
2 utilized the face thickness of 2.Q mm, and embodiment 3 utilized the face 
thickness of J .0 mm. Here, low rigidity regions 1 1 a and 1 lb were defined 

15 as follows. First, as shown in Fig. 3, the coordinates of face center 8 was 
set to the point (0, 0) (unit: mm). With the x-axis being the toe-to-heel 
direction (heel direction being positive) and the y-axis being the top-to-sole 
direction (top direction being positive), the region enclosed by the curved 
line connecting the coordinates A (-38, 16) and the coordinates B (-15, -15) 

20 and having R of about 40 mm and by the outer circumference of the cavity 
was defined as low rigidity region I la, and the region enclosed by the 
curved line connecting the coordinates C (15, -17) and the coordinates D 
(25, 5) and having R of about 30 mm and by the outer circiunference of the 
cavity was defined as low rigidity region lib. 

25 Moreover, as comparative samples, two kinds of conventional 

products were prepared: a commercial product having a head formed of a 
single material of soft iron and a commercial product utilizing titanium 
alloy in the face portion but not having it exposed inside the cavity (with 
the thickness of the member forming the face portion being 3.0 mm). The 

30 iron head using soft iron is referred to as a conventional product 1, and the 
commercial product utilizing titanium alloy in the face portion but not 
having it exposed inside the cavity is referred to as a conventional product 
2. 
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Table l shows the measured results of the natural frequencies of the 
embodiments and the conventional products. 

Table I 





Thickness of 
high rigidity 
region (ram) 


Thickness 
oflow 
rigidity 
reeion (mm) 


Difference in 
thickness of higb 
and low rigidity 

regions (mm) 


Natural 
Frequency 
(H*) 


Conventional produce 1 


3.1 






2037.5 


Conventional product 2 








1850.0 


Embodiment 1 


3.0 


2.5 


0.5 


1210.0 


Embodiment 2 


3.0 


2.0 


1.0 


U45.0 


Embodiment 3 


30 


1.0 


2.0 


895.0 



titanium alloy plate material. 

It can be seen from the table that the value of the natural frequency 
of embodiment 3 is the smallest among the embodiments, and that the 

10 natural frequency becomes lower as the face thickness of low rigidity region 
11 becomes thinner. 

It is also seen that the respective natural frequencies of embodiments 
1, 2 and 3 having their face thickness in low rigidity region 11 made 
thinner are drastically lowered in comparison with the respective natural 

15 frequencies of conventional products 1 and 2 (2038 Hz for conventional 
product 1, 1850 Hz for conventional product 2). Considering that the 
natural frequency of die golf ball, although it may more or less vary from 
kind to kind, is within the range of about 800 Hz to about 1C00 Hz, the 
inventors were successful in realizing in these embodiments the values of 

20 the natural frequencies which are in about the same range as the natural 
frequency of a golf ball. 

From the above, in the attempt to bring the natural frequency of the 
head closer in range to the natural frequency of the ball by making the face 
thickness of low rigidity region 1 1 thin, it can be concluded that sufficient 

25 effect was observed by forming the face thickness of low rigidity region 1 1 
at least 0.5 mm thinn er than high rigidity region 12. The fact that 
forming the face thickness oflow rigidity region U at least 0.5 mm thinner 
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than high rigidity region 12 has proved effective, however, is only 
applicable to the head implementation according to the present 
embodiment. In the case of a head utilizing a material having a lower 
elasticity modulus than that used in the present embodiment or in the case 
5 of a head having an enlarged fece area, the head natural frequency can be 
brought closer to the ball natural frequency with the difference in face 
thickness between the high rigidity region and the low rigidity region being 
as small as about 0.2 nun. 

Then, in addition to the measurement of the natural frequencies 
10 described earlier, tests relating to repulsion were carried out. The beads 
used for the testing were the above-described embodiments 1, 2, and 3, and 
conventional products i and 2. 

The tests carried out here in relation to repulsion involved shooting 
the ball against the tested heads at a speed of about 37 m/s, which is about 
15 the same speed as the 51 head speed of an average golf player, in order to 
evaluate the quality of repulsion from this speed and the speed at which 
the ball bounces back. The heads implementing the present invention and 
the conventional product heads were tested. 

The results are shown in Fig. 4 as the head repulsion ratios. 
20 The repulsion ratio was calculated as follows: 

Repulsion ratio = shot-out speed of ball / head speed 

= (ball reflection rate + ball impingement rate) / 
ball impingement rate 
As can he seen from Hg. 4, the repulsion ratios for all the 
25 embodiments are higher in comparison with those for the conventional 
products. Moreover, among the embodiments, the repulsion ratio of 
embodiment 3 indicated the largest value. It was found that an 
embodiment having a thin face thickness in the low rigidity region and 
having a natural frequency dose to that of the ball natural frequency had a 
30 good repulsion ratio. 

As described above, according to an embodiment of the present 
invention, in a metal iron golf club head being formed by a head body and a 
face member made of different materials and having an opening that 
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penetrates from the face to the opposite aide of the face, by forming the face 
thickness of a part or all of medium sensitivity region 5 thinner than the 
face thickness of an average value in low sensitivity region 4, the natural 
frequency of the head can be brought closer to the natural frequency of the 
5 ball without reducing the strength of the face, while improving the 
repulsion between the head and the ball. 

Next, the sensitivity analysis was performed to examine which part 
of the face portion should have its rigidity lowered in order to lower the 
natural frequency of another model of a golf club* i. e. the head having a 

10 hollow portion- The results for a metal golf club head having a hollow 

portion are shown in Fig. 6, In handling the results, the magnitude of the 
value of sensitivity obtained by the sensitivity analysis becomes the indices 
indicating the magnitude of the influence to be effected on the natural 
frequency. In other words, the natural frequency of the head can be more 

15 effectively lowered by lowering the rigidity of a portion having large 

sensitivity values. Fig, 6 color-codes the magnitudes of the sensitivity 
values according to the results of such sensitivity analysis. 

As seen from Fig. 6, the region having large sensitivity values lies in 
the region on the heel side 37 of a face centerline 34 and excluding the 

20 vicinity of a face center 33. Thus, in the case of a metal golf club head 

having a hollow portion, it was found that the natural frequency of the golf 
head can be effectively lowered and be brought closer to the natural 
frequency of the hall by lowering the rigidity in the portion on heel side 37 
of face centerline 34 and excluding the vicinity of face center 33. 

25 Therefore, in order to lower the head natural frequency, it was 

discovered not always to be appropriate to require the thickness of the 
entire portion other than the vicinity of the sweet area to be made thin as 
described in the above-mentioned Japanese Patent Laying-Open Nos. 9- 
168613 and 9-192273. 

30 Thus, the natural frequency of a metal golf club head having a 

hollow portion can be lowered if the rigidity of the region on the heel side of 
the face centerline of the face portion and excluding the vicinity of the 
sweet area, as shown in Fig. 6, can be lowered. 
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It can be seen from Fig. 6 that the portion having large sensitivity 
values is located mainly on heel side 37. Therefore, it was found that 
making the rigidity in a portion of heel side 37 lower than that in a toe side 
36 would prove effective. Here, the heel side refers to heel side 37 on the 
5 right side of face cemerline 34 as shown in Fig, 5 . It was also discovered 
that, since the sensitivity values of toe side 36 are extremely small, 
lowering the rigidity in this portion would not be so effective in lowering 
the natural frequency of the head. Here, the toe side refers to toe side 36 
on the left side of face ceaterline 34 as shown in Fig. 5. 

10 Thus, this embodiment can be implemented by making the rigidity in 

a portion of the heel side lower than the rigidity of the toe side. 

Further, in producing the effect of this embodiment, there is no 
particular limit as to the area of the region in which the rigidity is made 
lower (hereinafter referred to as a low rigidity region). In order to produce 

15 a distinct effect of this embodiment, however, it is desirable that the region 
in which the rigidity is lowered has an area that is not smaller than 5% of 
the face area. 

On the other hand, if the low rigidity region is too large, the portion 

lacking the strength becomes too large, thereby reducing the strength of the 
20 face as a whole. Therefore, the area of the low rigidity region is desirably 

not larger than 50% of the face area. 

Moreover, e xamin ation of the results of the ejqperwnent revealed that 

the sensitivity values around face center 33 were small. In addition, this 

region is the so-called sweet area which undergoes the impact of the ball, 
25 and thus requires sufficient strength to endure the impact. Prom these 

two points, it was concluded that tfcere was no need to lower the rigidity in 

the region around face center 33. 

Furthermore, since the sensitivity values in a region 51 shown in Fig. 

6 are large, the implementation in which the rigidity of such region 51 is 
30 lowered wae also found to be effective. Here, region 51 refers to the region 

on heel side 37 and on the sole side of face center 33, and located 

substantially midway between face cauterJine 34 and heel 39, as shown in 

Fig. 6. 
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In addition, since the sensitivity values in a region 52 shown in Fig, 
6 are also large, the implementation in which the rigidity of such region 52 
is lowered was also found to be effective. Here, region 52 refers to a region 
within a larger region on heel side 37 and on the crown side of face center 
5 33, and when the larger region thus defined is divided generally in half in 
the crown-sole direction, region 52 is located in the region closer to the 
crown side and in the vicinity of the face centerline, as shown in Pig. 6. 

Since the portions having particularly high sensitivity values are 
regions 51 and 52, the head natural frequency is more effectively lowered 
10 by implementing both of these regions as low rigidity regions. 

Thus, there is no particular limitation as to the location of the low 
rigidity region as long as it ia within the range of the heel side of the face 
portion. 

In the face portion of the metal golf club head having a hollow 
15 portion, there is no limitation as to how the rigidity of the low rigidity 

region is lowered. Thus, the thickness of the low rigidity region may be 
made thinner than the thickness of the region other than the low rigidity 
region (hereinafter referred to as a high rigidity region), or a material 
having a lower elasticity modulus than that of the material used in the 
20 high rigidity region may be utilized for the low rigidity region. 

The invention can also he implemented by attaching a material 
having a high elasticity modulus on the back of the face portion of the high 
rigidity region after having formed the head to have an even face thickness. 

As regards the cost, it is desirable that this embodiment is 
25 implemented by forming the thickness of low rigidity regiaa thinner than 
the thickness of the high rigidity region. 

On the other hand, it is also effective to make the difference in the 
elasticity modulus of the materials used in the high rigidity region and the 
low rigidity region greater in order to make the difference in rigidity 
3D between the two regions greater. In such a case, the use of a material 
having a lower elasticity modulus than that of the material used in the 
high rigidity region for the low rigidity region is preferred. 

Further, regarding the ease of construction, the implementation in 
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which a high elasticity modulus material is attached on the back of the face 
portion of the high rigidity region is preferred. 

In the ca^e in which the thickness of the low rigidity region is made 
Thinner than the thickness of the high rigidity region, the values of the 
5 thickness of the face portion and of the difference in thickness between the 
low rigidity region and the high rigidity region should be determined by the 
material used for the face portion and by the head speed of the target golf 
player, and thus, are not limited to any particular values. 

In other words, since the object of this embodiment lies in bringing 

10 the natural frequency of the head close to that of the ball, the thickness of 
the low rigidity region is to be determined in relation to such factors as the 
face material; the thickness of the face portion; that is, of the portion that 
serves as the high rigidity region in this embodiment; the area of the face; 
and the shape of the head. 

15 Here, as a material for forming the face, titanium alloy having high 

strength and a low elasticity modulus, is desirable, for instance, since 
titanium alloy allows the face portion to be made thin. Normally, the 
thickness of the face portion formed with an even thickness is in the range 
of 2.5 to 3.0 mm for a iW, According to this embodiment, however, this 

20 thickness ia only applied to the high rigidity region, while the thickness of 
the low rigidity region is made at least 0.2 mm thinner. As a result, the 
rigidity in the face portion can be further lowered, and the natural 
frequency of the head can be brought closer to that of the ball. 

Since the results obtained from the sensitivity analysis depend on 

25 the structure of the golf club head and are not limited to the material used 
as long as it is a metal golf club head having a hollow portion, the present 
embodiment is applicable to metal golf club beads formed with stainless 
steel, aluminum alloy, or the like besides the above-described titanium 
alloy. Even in this case, the difference in thickness of at least 0.2 mm is 

30 required, as was the case with titanium alloy, in order to achieve a distinct 
effect of the present invention. 

For instance, in the case of golf dubs intended for golf players with 
slow head speeds such as those intended for women, since the strength of 
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the low rigidity region can be lowered than usual, the difference in 
thickness between the low rigidity region and the high rigidity region is 
preferably at least 0,5 nun. 

If the face thickn ess of the low rigidity region is too thick, the effect 
5 of lowering the head natural frequency cannot be achieved. Thus, in the 
case of a male player whose normal head speed is about 40 m/s, with 
stainless steel being the material used for the face portion, the face 
thickness of the low rigidity region is preferably not greater than 2.6 mm. 
On the other hand, a face thickness that is too thin can create 

10 disadvantages such as increased Difficulty during the polishing process and 
poor production yield. Consequently, the face thickness of the low rigidity 
region should he not smaller than 0.5 mm. 

Moreover, when titanium alloy is used as the material for the face 
portion, the face thickness of the low rigidity region must be within the 

15 range of 0,5 to 2,5 mm for the same roason. 

The difference in the thickness of the low rigidity region and the 
high rigidity region has thus far been discussed above. When 
implementing the present invention with a golf club head having a face 
portion formed with an even thickness, the thickness of the high rigidity 

20 region may be about the same as that of a commercially available model. 
That is to say, in the case of a XW, the desirable thickness when using 
titanium alloy is ahout 2.5 to about 3.0 mm, as described earlier, and the 
desirable thickness when using stainless steel is about 2.6 to about 2.8 mm. 
In addition, when utilizing far the low rigidity region a material 

25 having a lower elasticity modulus than that of the material used in the 

high rigidity region, the material used for the face portion is not limited to 
any particular material as long as it is a material normally used for a golf 
head. In other words, the face portion may be implemented using 
stainless steel, aluminum alloy, titanium alloy, or the like. 

30 Since the high rigidity region includes a sweet spot and thus is 

required to have high strength, the suitable material for the high rigidity 
region would he titanium alloy or stainless steel. On the other hand, the 
low rigidity region requires a small elasticity modulus as well as a certain 
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degree of strength. Therefore, the use of a- type titanium alloy such as 
pure titanium and 6-4 titanium for the high rigidity region in combination 
with the use of p-type titanium or the like for the low rigidity region, or the 
use of stainless steel for the high rigidity region in combination with the 
5 use of titanium alloy for the low rigidity region is suitable. 

Further, for a high head speed golf player, the use of titanium alloy 
for the low rigidity region in combination with the use of stainless steel for 
the high rigidity region is desirable, while for a low head speed golf player, 
the use of aluminum alloy for the low rigidity region in combination with 
10 the use of titanium alloy in the high rigidity region is desirable. 

The face thickness of the low rigidity region need not be the same as 
the face thickness of the high rigidity region. Considering the ease of 
construction, however, it is preferable that the face thicknesses are equal. 
In order to enlarge the difference of rigidity between these regions, the low 
15 rigidity region is preferably formed by a low elasticity modulus material, 
and further, the face thickness of the low rigidity region is made thin. 

In addition, this embodiment can be implemented in all types of 
metal iron golf club heads having a hollow portion, without limitation as to 
the head shape, the loft angle, the head weight, or the club type. Thus, it 
20 can be implemented with a 1W, a 2W, a 3W, a 4W, a 5W, and the like. 

An embodiment of a metal golf club head according to the present 
invention will be described in relation to Fig. 1. 

Fig, 5 is a diagram showing an embodiment of the present invention 
in relation to the face portion of a metal golf club head having a hollow 
25 portion. 

In this embodiment, the sweet area was designed as an ellipse 
having a major axis of about 20 mm and a minor axis of about 10 mm with 
a face center 3 serving as its center. In addition, face center 3 designates 
the intermediate point between the top and the bottom of face portion along 
30 the extended line of a face centerline 4. 

Needless to say, since the sweet area and the face center are 
represented by values which greatly influence the shape and the material 
of the club head, different values must be considered corresponding to the 

■ 23- 
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different types of club beads. 

The embodiment shown in Fig. 5 employs titanium alloy as a 
material. The face shape is as shown in Fig. 1, with the face area being 30 
cm 2 , the face length being 95 mm, the face height being 44.5 mm, and the 
5 head weight being 207 g. 

The face thickness of high rigidity region 40 was set to the same 
value as a conventional product, i. e. 2.8 mm. Three different values were 
used for the face thickness of low rigidity region 35, which were 2.3 nun, 1.8 
mm, and 1.3 mm. Embodiment 4 utilized the face thickness of 2.3 mm fov 

10 low rigidity region 35, embodiment 5 utilized the face thickness of 1 .8 mm, 
and embodiment 6 utilized the face thickness of 1.3 mm. 

Here, as shown in Fig. 5 r with the coordinates of face center 33 set to 
the point CO, 0) (unit: mm) where the x-aws is the direction from the toe 38 
to the heel 39 of a metal golf club head 31 (heel direction being positive) 

15 and the y-axis is the direction from the crown 41 to the sole 42 (crown 

direction being positive), the low rigidity region uefers to the region on the 
heel side 37 from the line connecting the coordinates A (5, 20), B (5, 10), C 
(15, 5), D (20, 0). E (15, -5), F (-5, -10), and G (-5, -20), represented as the 
shaded portion in Fig. 5. 

20 Moreover, as a comp arative sample, a conventional product made of 

the same titanium alloy, having the face thickness of 2.8 mm, and having 
the same shape and approximately the same weight as each of the 
inventive metal golf club head product was prepared. 

Table 2 shows the measured results of the natural frequencies of the 

25 embodiments and the conventional metal golf club head product. 



Table 2 





Thickness of 
low rigidity 
region ^ram) 


Difference in thickness 
of high and low rigidity 
repionslmm) 


Natural 
frequency 


Conventional product 


2.8 




uso.o 


Embodiment 1 


2.3 


0.5 


990.0 


Embodiment 2 


1.8 


1.0 


890.0 


Embodiment 3 


1.3 


1.5 


797.5 
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It can be seen from Table 2 chat the natural frequency is smaller in 
an inventive product having a thinner face thickness in low rigidity region 
35. Therefore, it can be concluded that the natural frequency of the metal 
golf club head is lowered as the face thickness of low rigidity region 5 
5 becomes thinner, and thus, as the rigidity is lowered. 

It is also seen that, in the embodiments having the face thickness of 
their respective low rigidity regions made thinner, the respective natural 
frequencies are drastically lowered in comparison with the natural 
frequency of the conventional products, i. e. 1 190 Hz. Considering that the 

10 natural frequency of the golf ball, although it may more or less vary from 
kind to kind, is within the range of about 800 Hz to about 1000 Hz, the 
inventors were successful in realizing in these embodiments the values of 
the natural frequencies which are in about the same range as the natural 
frequency of a golf ball, 

15 From the above, in the attempt to bring the natural frequency of the 

head closer in range to the natural frequency of the ball by making the face 
thickness of the low rigidity region thin, it can be concluded that sufficient 
effect was observed by forming the face thickness of the low rigidity region 
at least 0,5 mm thinner than the high rigidity region. 

20 The fart that forming the face thickness of the low rigidity region at 

least 0.5 mm thinner than the high rigidity region has proved effective, 
however, is only applicable to the head implementation according to the 
present embodiment. In the case of a head utilizing a material having a 
lower elasticity modulus than that used in the present embodiment or in 

25 the case of a head having an enlarged face area, the head natural frequency 
can be brought closer to the ball natural frequency with the difference in 
thickness between the high rigidity region and the low rigidity region being 
as small as about 0.2 mm. 

Then, in addition to the measurement of the natural frequencies 

30 described earlier, tests relating to repulsion were carried out. 

The tests carried out here in relation to repulsion involved shooting 
the ball against the tested heads at a speed of about 40 m/s, which is about 
the same speed as tbe driver head speed of an average golf player, in order 

-25 - 
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to evaluate the quality of repulsion from this speed and the speed at which 
the ball bounce* back. The beads implementing the present invention and 
a conventional product head were tested. 

The results are shown in Fig. 7 as the repulsion ratios of both the 
5 inventive and conventional heads. 

Here, the repulsion ratio was calculated in the same manner as that 
of the metal iron golf club heads described earlier. 

As can be seen from Fig. 7, the repulsion ratios for all the inventive 
products are higher in comparison with that of the conventional product, 
o Moreover, among the embodiments, the repulsion ratio of embodiment 3 
indicated the largest value. It was found that an embodiment having a 
thinly formed low rigidity region and having a natural frequency close to 
that of the ball natural frequency had a good repulsion ratio. 

As described above, according to the present invention, in a metal 
5 iron golf club head having a hollow portion, by reducing the rigidity in the 
portion on the heel side of the head portion, the natural frequency of the 
head can be brought closer to the natural frequency of the ball without 
reducing the strength of the face, while improving the repulsion between 
the head and the bait 

0 

Industrial Applicability 

As seen from the above, according to the present invention, by 
forming the face thickness of a part or all of the medium sensitivity region 
of the face member of a metal golf club head thinner than the face 
a thickness of an average value in the low sensitivity region, the natural 
frequency of the metal golf club head can be brought closer to the natural 
frequency of the ball without reducing the strength of the face, while 
improving the repulsion between the head and the ball. 
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CLAIMS 

1. A metal golf club bead formed of a metal material, wherein 
a medium sensitivity region (5) and a low sensitivity region (4) are 
5 provided on a face portion (2) for bitting a ball, and 

face thickness of a part or ail of said medium sensitivity region (5) is 

made thinner than face thickness in a vicinity of a face center (8) that 

exists within said low sensitivity region (4). 

10 2. The metal golf club bead according to r)mm i r wberein face 

thickness of face portion (2) is varied so that face thickness of a portion 
which is within said medium sensitivity region (5) and toward a sole side 
from said low sensitivity region (4) and which is a part or all of said 
medium sensitivity region (5) excluding a region (7) extending on either 

15 side of a face centerline (15) that is within a range of a predefined length of 
entire length of face portion (2) in the toe-heel direction is thinner than face 
thickness in a vicinity of a face center existing within said low sensitivity 
region (4). 

20 3. The metal golf club head according to claim I, wherein a region 

within said medium sensitivity region (5) and having its face thickness 
made thin is defined as a low rigidity region (I I), and area of said low 
rigidity region ill) is 5% to 60% of face area. 

25 4, The metal golf club head according to claim 2, wherein a region 

within said medium sensitivity region (5) and having its fece thickness 
made thin is defined as a low rigidity region (XI), and area of said low 
rigidity region (XI) is 5% to 50% efface area. 

3° 5. The metal golf club head according to claim 3, wberein a region 

other than low rigidity region (XI) in said face portion (2) is defined as a 
high rigidity region (12), and face thickness of said low rigidity region (IX) 
is formed at least 0.2 mm thinner than thickest face thickness of said high 
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rigidity region (12). 

6. The metal golf club head according to claim 4, wherein a region 
other than low rigidity region (11) in said face portion (2) is defined as a 

5 high rigidity region (12), and face thickness of said low rigidity region (U) 
is formed at least 0.2 mm thinner than thickest face thickness of said high 
rigidity region (12). 

7. The metal golf club head according to claim 3, wherein face 

10 thickness of said low rigidity legion (11) is formed at least 0.5 mm thinner 
than thickest face thickness of said high rigidity region (12). 

8. The metal golf club head according to claim 4, wherein face 
thickness of said low rigidity region (11) is formed at least 0.5 mm thinner 

15 than thickest face thickness of said high rigidity region (12) . 

9. The metal golf club head according to claim 3, wherein face 
thickness of said low rigidity region (11) is selected to be 0.5 to 2.7 mm. 

20 10. The metal golf club head according to claim 4, wherein face 

thickness of said low rigidity region (11) is selected to be 0.5 to 2.7 mm. 

11. The metal golf dub head according to claim 1, wherein a 
material having a tensile strength of 100 kgtfmm 2 or greater and having a 

25 Young's modulus of elasticity of 10000 kfg/mm 2 or lower is used for said 
face member (2). 

12. The metal golf club head according to claim 2, wherein a 
material having a tensile strength of 100 kgftmm* or greater and having a 

30 Youn^ a modulus of elasticity of 1Q000 kfg/mm* or lower is used for said 
{ace member (2). 

13. The metal golf club head according to claim 3, wherein a 
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material having a tensile strength of 100 kgflram 8 or greater and having a 
Young's modulus of elasticity of 10000 kfg/mm* or lower is used for said 
face member (2). 



14. The metal golf dub head according to claim 4, wherein a 
material having a tensile strength of 100 kgflmra 2 or greater and having a 
Young's modulus of elasticity of 10000 kfg/mm 2 or lower is used for said 
face member (2). 



15 . The metal golf club head according to claim 5, wherein a 
material having a tensile strength of 100 kgf/ram 2 or greater and having a 
Youngs s modulus of elasticity of 10000 kfg/mra 2 or lower is used for said 
face member (2). 



16. The metal golf club head according to claim 6, wherein a 
material having a tensile strength of 100 kgtfmm 2 or greater and having a 
Young's modulus of elasticity of 10000 Hg/mm* or lower is used for eaid 
face member (2). 



17. The metal golf club head according to claim 7, wherein a 
material having a tensile strength of 100 fcg&min 2 or greater and having a 
Young's modulus of elasticity of X0000 Ms/mm* or lower is used for said 
face member (2). 



18. The metal golf club head according to claim 8, wherein a 
material having a tensile strength of 100 kgflmm* or greater and having a 
Young's modulus of elasticity of 10000 kfg/mma or lower is used for said 
face member (2). 

19. The metal golf club head according to claim 9, wherein a 
material having a tensile strength of 100 kgflraro* or greater and having a 
Young's modulus of elasticity of 10000 kfg/ram* or lower is used for said 
face member (2). 
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20. The metal golf club head according to claim 10, wherein a 
material having a tensile strength of 100 kgtfmm 2 or greater and having a 
Young's modulus of elasticity of 10000 kfg/mm 2 or lower is used for said 

5 face member (2). 

2 1 . The metal golf club head according to claim 1 , wherein a 
recessed portion is formed on said face portion (2) from face of a head 
toward opposite side of the face, and face member (9) is fit into said 

10 recessed portion, 

22. The metal golf club head according to claim 2, wherein a 
recessed portion is formed on said face portion (2) from face of a head 
toward opposite side of the face, and face member (9) is fit into said 

15 recessed portion. 

23. The metal golf club head according to claim 3, wherein a 
recessed portion is formed on said face portion (2) from face of a head 
toward opposite side of the face, and face member (9) is fit into said 

20 recessed portion. 

24. The metal golf club head according to claim 4, wherein a 
recessed portion is formed on said face portion (2) from face of a head 
toward opposite side of the face, and face member (9) is fit into said 

25 recessed portion. 

25. The metal golf club head according to claim 5, wherein a 
recessed portion is formed on said face portion (2) from face of a head 
toward opposite side of the face, and face member (9) is fit into said 

30 recessed portion. 

26. The metal golf club head according to claim 6, wherein a 
recessed portion is formed on said face portion (2) from face of a head 
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toward opposite side of the face, and face member (9) is fit into said 
recessed portion. 

27. The metal golf club head according to claim 7, wherein a 
recessed portion is formed on said face portion (2) from face of a head 
toward opposite side of the face, and face member (9) is fit into said 
recessed portion. 

28. The metal golf club head according to claim 8, wherein a 
recessed portion is formed on said face portion (2) from face of a head 
toward opposite aide of the face, and face member (9) is fit into said 
recessed portion. 

29. The metal golf club head according to claim 9, wherein a 
recessed portion is formed on said face portion (2) from face of a head 
toward opposite aide of the face, and face member (9) is fit into said 
recessed portion. 

30. The metal golf dub head according to claim 10, wherein a 
recessed portion is formed on said face portion (2) from face of a head 
toward opposite side of the face, and face member (9) is fit into said 
recessed portion. 

31. A metal golf club head formed by a head body and a face 
member and the lite formed of different materials and having an opening 
that penetrates from face to opposite side of the face with a face member (9) 
fit into the opening, wherein 

a medium sensitivity region (5) and a low sensitivity region (4) are 
provided on a face portion (2) for hitting a ball, and 

face thickness of a part or al} of said medium sensitivity region (5) is 
made thinner than face thickness in a vicinity of a face center (8) that 
exists within said low sensitivity region (4). 
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32 . The metal golf club head according to claim 3 1, whereon face 
thickness of said face member (9) is varied so that face thickness of a 
portion which is within said medium sensitivity region (5) and toward a 
sole side from said low sensitivity region (4) and which is a part or all of 
said medium sensitivity region (5) excluding a region (7) extending on 
either side of face centerliue (15) *hat is within a range of a predefined 
length of entire length of face portion (2) in the toe-heel direction is thinner 
than face thickness in a vicinity of a face center existing within said low 
sensitivity region (4). 

33. The metal golf club head according to claim 31, wherein a 
region within said medium sensitivity region (5) and having its face 
thickness made thin is defined as a low rigidity region (11), and area of said 
low rigidity region (11) is 5% to 50% efface area. 

34. The metal golf dub head according to claim 32, wherein a 
region within said medium sensitivity region (5) and having its face 
thickness made thin is defined as a low rigidity region (1 1), and area of said 
low rigidity region (11) is 5% to 50% of face area. 

35. The metal golf club head according to claim 33, wherein a 
region other than said low rigidity region 0 1) in said face member (9) is 
defined as a high rigidity region (12), and face thickness of said low rigidity 
region (1 1) is formed at least 0.2 mm thinner than thickest face thickness of 
said high rigidity region (12), 

36. The metal golf club head according to claim 34, wherein a 
region other than low rigidity region (11) in said face member (9) is defined 
as a high rigidity region (12), and face thickness of said low rigidity region 
(11) is formed at least 0.2 mm thinner than thickest face thickness of said 
high rigidity region (12). 

37- The metal golf club head according to claim 33, wherein face 
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thickness of said low rigidity region (11) is formed at least 0,5 mm thinner 
than thickest face thickness of said high rigidity region (12). 

38. The metal golf club head according to daira 34, wherein face 
thickness of said low rigidity region (11) is formed at least 0.5 mm thinner 
than thickest face thickness of said high rigidity region (12). 

39. The metal golf club head according to claim 33, wherein face 
thickness of said low rigidity region (11) is selected to be 0.5 to 2.7 mm. 

40. The metal golf club head according to claim 34, wherein face 
thickness of said low rigidity region (1 1) is selected to be 0.5 to 2.7 mm. 

41. The metal golf club head according to claim 35, wherein face 
15 thickness of said low rigidity region (11) is selected to be 0.5 to 2.7 mm. 

42. The metal golf club head according to claim 36, wherein face 
thickness of said low rigidity region (1 1) is selected to be 0.5 to 2.7 mm. 



10 



20 



25 



30 



43. The metal golf club head according to claim 37, wherein face 
thickness of said low rigidity region (1 1) is selected to be 0.5 to 2.7 mm. 

44. The metal golf club head according to claim 38, wherein face 
thickness of said low rigidity region (11) is selected to be 0.5 to 2.7 mm. 

45. The metal golf club head according to claim 3 1 , wherein a 
material having a tensile strength of 100 kgflmm* or greater and having a 
Young's modulus of elasticity of 10000 kfg/mm* or lower is used for said 
face member (9). 

46. The metal golf club head according to claim 32, wherein a 
material having a tensile strength of 100 kgffmm* or greater and having a 
Young's modulus of elasticity of 10000 kfgtoun 2 or lower is used fox said 
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face member (9). 

47. The metal golf club bead according to claim 33, wherein a 
material having a tensile strength of 100 kgflmma or greater and having a 
Young'* modulus of elasticity of 10000 kfg/mm* or lower is used for said 
face member (9). 

48. The metal golf club head according to claim 34, wherein a 
material having a tensile strength of 100 kgffmm* or greater and having a 
Young's modulus of elasticity of 10000 kfg/mra 2 or lower is used for said 
face member (9). 

49. The metal golf club head according to claim 35, wherein a 
material having a tensile strength of 100 kef/mm* or greater and having a 
Young's modulus of elasticity of 10000 kfg/mm* or lower is used for said 
face member (9), 

50. The metal golf dub head according to claim 36, wherein a 
material having a tensile strength of 100 kgf/mm' or greater and having a 
Young's modulus of elasticity of 10000 k%/mm= or lower is used for said 
face member (9), 

51. The metal golf club head according to claim 37, wherein a 
material having a tensile strength of 100 kgtfmm* or greater and having a 
Young's modulus of elasticity of 10000 k%<mm 2 or lower is used for said 
face member (9). 

52. The metal golf club head according to claim 38, wherein a 
material having a tensile strength of 100 kgftaun* or greater and having a 
Young's modulus of elasticity of 1Q000 kfg/mm* or lower is used for said 
face member (9). 

53. A metal golf dub head having a hollow portion, formed such 
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that rigidity of a portion on a heel side (37) of a face portion (32) is made 
lower than that on a toe side (36). 

54. The metal golf club head according to claim 53, wherein rigidity 
5 of a portion excluding a vicinity of a face center (33) is lowered. 

55. The metal golf club head according to claim 53, wherein a 
region with lowered rigidity is defined as a low rigidity region (35) and area 
of said low rigidity region (35) is selected to be in a range of 5% to 50% of 

10 face area. 

56. The metal golf club head according to claim 54, wherein a 
region with lowered rigidity is defined as a low rigidity region (35) and area 
of said low rigidity region (35) is selected to be in a range of 5% to 50% of 

15 face area. 

57. The metal golf club head according to claim 55, wherein said 
low rigidity region (35) is provided above face center (33). 

20 58 - 7he mels & club head according to claim 56, wherein said 

low rigidity region (35) is provided above face center (33). 



25 



59. The metal golf club head according to claim 55, wherein said 
low rigidity region (35) is provided in a lower half region on a heel side (37). 

60. The metal golf club bead according to claim 56, wherein said 
low rigidity region (35) is provided in a lower half region on a heel side (37). 

61. The metal golf club head according to claim 53, wherein when a 
30 1-egitm other than low rigidity region (35) of said face portion (32) is defined 

as a high rigidity region (40), face thickness of said low rigidity region (35) 
is selected to be thinner than face thickness of high rigidity region (40). 
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62. The metal golf club bead according to claim 54, wherein when a 
region other than low rigidity region (35) of said face portion (32) is defined 
as a high rigidity region (40), face thickness of said low rigidity region (35) 
is selected to be thinner than face thickness of high rigidity region (40). 

63. The metal golf dub head according to claim 55, wherein when a 
region other than low rigidity region (35) of said face portion (32) is denned 
as a high rigidity region (40), face thickness of said low rigidity region (35) 
is selected to be thinner than face thickness of high rigidity region (40). 

64. The metal golf club head according to claim 56, wherein when a 
region other than low rigidity region (35) of said face portion (32) is denned 
as a high rigidity region (40), face thickness of said low rigidity region (35) 
is selected to be thinner than face thickness of high rigidity region (40). 

65. The metal golf club head according to claim 57, wherein when a 
region other than low rigidity region (35) of said face portion (32) is denned 
as a high rigidity region (40), face thickness of said low rigidity region (35) 
is selected to be thinner than face thickness of high rigidity region (40). 

66. The metal golf club head according to claim 58, wherein when a 
region other than low rigidity region (35) of said face portion (32) is defined 
as a high rigidity region (40), face thickness of said low rigidity region (35) 
is selected to be thinner than face thickness of high rigidity region (40). 

67. The metal golf club head according to claim 59, wherein when a 
region other than low rigidity region (35) of said face portion (32) is defined 
as a high rigidity region (40), face thickness of said low rigidity region (35) 
is selected to be thinner than face thickness of high rigidity region (40). 

68. The metal golf club head according to claim 60, wherein when a 
region other than low rigidity region (35) of said face portion (32) is defined 
as a high rigidity region (40), face thickness of said low rigidity region (35) 
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is selected to be thinner than face thickness of high rigidity region (40), 

69. The metal golf club head according to claim 6 1, wherein face 
thickness of said low rigidity region (35) is formed at least 0.2 mm thinner 

5 than face thickness of high rigidity region (40). 

70. The metal golf club head according to claim 62, wherein face 
thickness of said low rigidity region (35) is formed at least 0.2 mm thinner 
than face thickness of high rigidity region (40). 

10 

7 1 The metal golf dub head according to claim 63, wherein face 
thickness of said low rigidity region (35) is formed at least 0.2 mm thinner 
than face thickness of high rigidity region (40), 

15 72 - The roetal golf club head according to claim 64, wherein face 

thickness of said low rigidity region (35) is formed at least 0.2 mm thinner 
than face thickness of high rigidity region (40). 

73. The metal golf club head according to claim 65, wherein face 
20 thickness of said low rigidity region (35) is formed at least 0.2 mm thinner 

than face thickness of high rigidity region (40). 

74. The metal golf club head according to claim 66, wherein face 
thickness of said low rigidity region (35) is formed at least 0.2 mm thinner 

25 than face thickness of high rigidity region (40). 

75. The metal golf club head according to claim 67, wherein face 
thickness of said low rigidity region (35) is formed at least 0.2 mm thinner 
than face thickness of high rigidity region (40). 

30 

76. The metal golf club bead according to claim 68, wherein face 
thickness of said low rigidity region (35) is formed at least 0.2 mm thinner 
than face thickness of high rigidity region (40), 

-37- 
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77. The metal golf club bead according to claim 53, wherein a 
material having a lower elasticity modulus than that of a material used in 
high rigidity region (40; is used for face portion (32) in said low rigidity 

5 region (35). 

78. The metal golf dub head according w claim 54, wherein a 
material having a lower elasticity modulus than that of a material used in 
high rigidity region (40) is used for face portion (32) in said low rigidity 

XO region (35). 

79. The metal golf club head according to claim 55, wherein a 
material having a lower elasticity modulus than that of a material used in 
high rigidity region (40) is used for face portion (?2) in snid low rigidity 

15 region (35), * ' 

80. The metal golf club head according to claim 56, wherein a 
material having a lower elasticity modulus than that of a material used in 
high agidity region (40) is used for face portion (32) in said low rigidity 

20 region (35). 

81. The metal golf club head according to claim 57, wherein a 
material having a lower elasticity modulus than that of a material used in 
high rigidity region (40) is used for face portion (32) in aaid low risiditv 

25 region (35). 

82. The metal golf club head according to daira 58, wherein a 
material having a lower elasticity modulus than that of a material used in 
high nudity region (40) is used for face portion (32) in said low rigidity 

30 region (35). 

83. The metal golf dub head according to claim 59, wherein a 
material having a lower elasticity modulus than that of a material used in 

- 36 - 
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high rigidity region (40) is used for face portion (32) in said low rigidity 
region (35). 

84. The metal golf club bead according to claim 60, wherein a 
& material having a lower elasticity modulus than that qf a material used in 
high rigidity region (40) is used for face portion (32) in said low rigidity 
region (35). 
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FIG.1 
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FIG. 7 
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